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Residential installations of grid connected solar PV systems are common place.  
Residents are provided information in their electricity bill regarding solar export and tariff 
rebates but have no way of knowing if their system is performing as expected. Twelve 
residential PV systems in the Melbourne suburb of Ashburton and a local primary school 
were benchmarked against each other and against APVI Solar maps live PV data (pv-
map.apvi.org.au).  The systems are within close proximity to each other to minimise solar 
radiation variances and consist of a number of variations including size (kW), number of 
years since installation and orientation.  Measurements are based on weekly inverter 
meter readings for analysis of solar kWh production rates.  Benchmarking is based on 
comparing percentage of rated output for each installation based on nominal installed PV 
capacity. 
Electricity retail and distribution Utilities are trialling residential battery systems and offer 
storage systems for residential use.  This dissertation analyses the benefit to a resident 
of purchasing energy storage based on the existing tariff structures and pricing.  Three 
different storage sizes were analysed for each household providing a comparison for 
different energy usage / profiles against storage size and against installed solar PV size.   
Resident smart meter data was used to analyse energy usage patterns by time, tariff and 
solar export providing the basis for determining the potential benefits of energy storage.   
Storage product information and pricing was sourced from contemporary literature 
research and by attendance at trade shows. Additional information was sought from 
energy retailers proposing energy storage “solutions”. A literature review of energy 
storage research, alternatives to residential storage and likely advances in the future, 
including the impact of electric vehicles indicate that further significant developments are 
likely. It is expected that residential energy storage will become an attractive economic 
option in future years.   
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APVI  Australian Photovoltaic Institute 
ATA  Alternative Technology Association 
Consumption Energy imported from the grid  
DC Direct current (as produced by solar PV and stored / produced by 
batteries) 
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1. Introduction 
Residential installations of grid connected solar PV systems in Victoria Australia have 
grown significantly in recent years [1].   
 
Figure 1-1 Number of solar PV Installation in Victoria by Year 
With the ever increasing popularity of solar PV and the potential for existing solar PV 
owners to enhance their system with energy storage (typically battery storage) residents 
require information to assess whether their investment is performing as anticipated and 
whether further enhancement by installation of energy storage and/or additional PV is 
warranted. With headlines such as “Sunny future for solar storage” [2] and “Sunny 
suburbs may power Grid" [3] in mainstream newspapers, knowledge amongst the 
community is becoming widespread regarding energy storage potentially allowing 
greater self-sufficiency and the possibility to go off grid altogether. 
Residents are provided information from their electricity retailer via their electricity bill 
information which includes: 
 Energy consumption (import from grid kWh) and cost by tariff type; 
 Energy generation (export to grid) and credit; 
 Service to property charge; 
The information excludes: 
 Behind the meter generation and consumption; 
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 Performance date related to their PV system (the total generation can be accessed if 
the solar inverter has wireless data connectivity – only the school and one resident 
had this facility in this research); 
Inverter outputs are not recorded on electricity bills and only the most ardent 
householder is likely to manually read and monitor inverter output on a regular basis. 
Even with this information the solar radiation to kWh conversion performance is 
unknown. 
Electricity retail and distribution utilities are trialling residential battery systems with the 
intent of offering storage systems for residential use.  What is the benefit for a household 
to purchase energy storage?  What effect does different energy usage / profiles have on 
storage size / benefits?  What effect does solar generation size have on storage 
selection?  What size batteries should be selected? 
The key aim of this dissertation is to use multiple case studies to evaluate the current 
operation of residential PV systems and to evaluate whether residents are likely to install 
energy storage and what are the key factors in this decision. This aim is achieved by:  
1. Benchmark testing of a selected number of residential solar PV systems against 
each other and against the Australian PV solar map live solar data to determine whether 
actual power generation performance is consistent with expected generation 
2. Understand generation and usage patterns for the selected residences by accessing 
smart meter data to determine gross and net solar power that would be available for 
battery storage 
3. Understanding of residential battery storage market vendor/utility products and 
pricing  
4. Understand economics, potential benefits and payback period for installation of 
battery storage systems for each residence given individual usage patterns and tariffs  
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2. PV Benchmarking 
2.1. PV Output Graphs 
To provide context to the typical solar PV performance in Ashburton graphs of PV output 
by year, month and typical days is provided.  The graphs are inverter output (AC) 
displaying total solar generation from the PV panels as opposed to export power which is 
used in later analysis. The information is from the local primary school (11 kW PV 
system) which had downloadable data and graphical displays, the school is located 
within the physical area surveyed. Figure 2.1-1 shows that the PV output is seasonal 
with in excess of 3 to 1 variation in output between the peak month (January) and trough 
month (July). 
 
Figure 2.1-1 Monthly output graph for Year 2014 – primary school – 11 kW system  
Figure 2.1-2 shows typical daily generation for the months of January, May and July 
showing day to day variability in excess of 5 to 1 variation between peak days and trough 
days within each month. In the middle of winter output for certain days is extremely low 
as shown for the 4th and 12th of July. 
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Figure 2.1-2 Daily output graphs for the months of January, May and July 2015 – primary 
school – 11kW system 
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Figure 2.1-3 Daily output curves for selected days showing variability in PV output  
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Figure 2.1-3 demonstrates that within each day performance can be quite varied both in 
output magnitude and rate of change of output. A typical solar “bell curve” is also 
included as evidence that Ashburton has continuously sunny days!  
2.2. Resident Monitoring Program 
Twelve residential PV systems in the Melbourne suburb of Ashburton together with a 
local primary school were benchmarked against each other and against APVI Solar 
maps [4] live PV data (pv-map.apvi.org.au).  Each residence was monitored over a 4 
month period from August to December 2015.  The systems are within close proximity to 
each other, with the expectation that solar radiation variances between each residence 
would be minimal. The systems vary in size (kW), age and orientation. Only one resident 
and the school had remote monitoring capability. One other resident had this capability 
but it was not functional. Two resident PV systems were not operating at all, one due to a 
malfunction and the other residence was vacant with the grid connection disconnected. 
Two of the twelve residents actively monitored solar output in addition to data provided 
on the electricity invoice. 
Measurements taken were a combination of manual weekly inverter readings (daily and 
cumulative generation in kWh) and from internet readings where inverter outputs were 
available by this means. The manual readings were taken by walking to each residence 
(total time between readings of 20 minutes) just prior to the inverters shutting down at 
dusk. The inverter readings were always taken in the same sequence to eliminate any 
variation due to reading sequence. The error associated with the time difference 
between readings is less than 1% of daily output based on the APVI data for the typical 
end of day output.  
Benchmarking was based on comparison of capacity factor for each system. The 
capacity factor is the ratio of actual output over time (24 hours), to potential output over 
the same time period if it were possible for the PV system to operate continuously at 
nameplate capacity. 
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Capacity factor (%) = Daily Production (kWh) *100 / Nameplate Rating (kW) * 24 
(hours/day) 
The inverter kWh readings were converted to daily capacity factor for each solar PV 
installation to allow comparison of production rates for each installation. Capacity factor 
was based on installed AC PV panel capacity (nameplate capacity) without any 
correction factors applied for inverter conversion efficiency, tilt / azimuth of installation or 
degradation due to age of the installation. 
 
Figure 2.2-1 Comparison of PV AC Daily Capacity Factor 
Figure 2.2-1 displays the comparison of monitored residences for 16 daily readings 
conducted over a period of 4 months from late August to December 2015. The 
observations from this figure are as follows: 
 The trend for each installation is similar, i.e. they all draw the same pattern; 
 The spread of values is typically in excess of 4% between the lowest and highest % 
Daily Nameplate Output; 
 The spread of values results in a performance difference between the systems in the 
order of 20% - considered to be significant and in excess of what could be expected 
Kristyn Hart   Master of Renewable Energy Dissertation 
8 | P a g e  
 
due to variances as a result of inverter conversion efficiency, age of system (oldest 6 
years), panel location (tilt / azimuth); 
 West facing panels are not noticeably lower performance than north facing panels; 
 There is significant variability in daily solar radiation, from 8% to 23% Daily 
Nameplate Output over the measured period – corresponding with solar variability 
shown in figure 2.1-2; 
 Low output days occur in late Spring and early Summer, 10% for 1 November and 
13% for 6 December; 
 The school PV system was reading lower than other systems and ceased reading 
after 25 October (reason unknown). The school PV system annual design output was 
15.196 MWh, for 2014 the output was 13.66 MWh, 90% of expected. For the months 
shown in Figure 2.1-2 the outputs are between 70% and 80% of design for these 
months. The reason for these reductions is not known; 
 House A and C (small 1.5 kW systems) did not have daily readings with decimal 
point values, i.e. y kWh rather than y.z kWh readings – leading to some inaccuracy. 
 APVI data for postcode 31xx displays similar trend to local neighbourhood systems. 
To check if the daily values were displaying a high variability in performance the 
cumulative inverter power was compared for the systems on a weekly basis. 
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Figure 2.2-2 Comparison of PV AC kWh Capacity Factor – Weekly Basis 
Figure 2.2-2 displays the weekly output for the monitored residences.  The observations 
from this figure are as follows: 
 The trend for each installation is similar; 
 The spread of values is similar in magnitude to the daily readings; 
 The daily extremes are no longer visible being averaged out over a week (the peak 
around the 4th October is based on readings averaged over 3 relatively high solar 
radiation days (2 October to 4 October)); 
 The weekly output is an increasing trend with the longer days from August (12%) 
through to December (>20%); 
 The west facing panels (House C and L) have the lowest readings between August 
and November and then increase to similar outputs as the north facing panels. 
To check that the variability observed when comparing the PV installations was valid the 
source data for the APVI data (available from http://pvoutput.org/outputs.jsp ) was 
analysed in further detail. Seven sets of resident data were downloaded from the site 
with postcodes in the 31xx area and from suburbs adjacent to or within the Ashburton 
3147 postcode. This data is a subset of the data used as an input into the APVI data 
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used in the local residence comparisons. The data available is based on daily generation 
/ consumption values; a sample is illustrated in Table 2.1. 
 
Table 2.1 Typical APVI source data 
Generated data was converted to Capacity Factor for the period November 2014 to 
December 2015 and plotted, refer figure 2.2-3. 
 
Figure 2.2-3 APVI total year Capacity Factor for local residents.   
The observations from figure 2.2-3 are as follows: 
 There is substantial solar radiation variation on a daily basis regardless of season, 
examples include 3% to 13% over 4 days in June and 2% to 20% over 4 days at the 
end of August; 
 The seasonal variation in PV output is visible over the year; 
Date▼ Generated▼ Efficiency▼ Exported▼
Consumpti
on
Imported E vs G E vs C Credit Debit Balance
18/12/15 24.393kWh 4.978kWh/kW 15.330kWh 15.303kWh 6.240kWh 63% 100% $4.75 $1.82 $2.94▲
17/12/15 0.000kWh 0.000kWh/kW 0.000kWh 2.909kWh 2.909kWh - - $0.00 $1.65 $1.65▼
16/12/15 26.713kWh 5.452kWh/kW 15.665kWh 16.355kWh 5.307kWh 59% 96% $4.86 $1.69 $3.17▲
15/12/15 30.921kWh 6.310kWh/kW 16.579kWh 26.858kWh 12.516kWh 54% 62% $5.14 $3.70 $1.44▲
14/12/15 32.656kWh 6.664kWh/kW 16.539kWh 30.140kWh 14.023kWh 51% 55% $5.13 $4.11 $1.01▲
13/12/15 29.700kWh 6.061kWh/kW 14.603kWh 26.940kWh 11.843kWh 49% 54% $4.53 $2.54 $1.99▲
12/12/2015 25.355kWh 5.174kWh/kW 7.474kWh 31.686kWh 13.805kWh 29% 24% $2.32 $4.14 $1.82▼
11/12/2015 13.252kWh 2.704kWh/kW 2.319kWh 29.971kWh 19.038kWh 17% 8% $0.72 $5.34 $4.62▼
10/12/2015 31.871kWh 6.504kWh/kW 14.511kWh 32.510kWh 15.150kWh 46% 45% $4.50 $4.35 $0.15▲
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 The scale of the graph is not conducive to comparisons in performance between 
each of the PV systems but there is variance in performance visible at the peaks and 
troughs.  
 
Figure 2.2-4 APVI Capacity Factor for Survey Period 
Figure 2.2-4 shows the same APVI data over a shorter time period being the time period 
from August to December 2015, the same period as the monitoring took place of the 
Ashburton residents. The observations from this figure are as follows: 
 Variances between residences are somewhat mixed where performance is similar in 
troughs and spread during peaks; 
 Variance during peaks is similar to that recorded from local residents, 5% of daily 
nameplate output and 20% variance between individual systems. The two systems 
that have low outputs are:  
o Glen Michael system is an Enphase system with small panel based inverters, 
(Saparawood is also a microinverter system);  
o The Chowie system faces west (Megaprime also faces west); 
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3. Generation and Usage patterns 
For each residence smart meter data was obtained from United Energy (the electricity 
distribution company for the area) to allow analysis of energy usage patterns by time, 
solar generation (export) and consumption (import) data.  An example of the data 
presented is shown in Table 3.1. 
 
Table 3.1 Smart Meter Data example 
Both imported power from the grid (Consumption) and exported power to the grid 
(Generation) is monitored and reported on a half hour basis.  Total solar generation and 
total residence consumption is not recorded as total solar generation is not recorded by 
the smart meter, i.e. self-consumption of solar by the resident is not metered (behind the 
meter), only solar generation available for export to the grid. 
The smart meter data available for download is for a maximum period of two years.  Two 
years data is useful for analysis as it provides more data points across the seasons.  The 
data provides the basis for each residence for determining the economic viability for 
energy storage. 
Net daily production / consumption profiles were generated for each residence over the 
smart meter data period (typically two years other than for newer residences / PV 
systems) and are included in Appendix A.  The daily values are calculated based on the 
smart meter data and are the ΣGeneration (export) – ΣConsumption (import).  Positive 





















6407297378 926015 Consumption 29/01/2014 No 0.894 0.537 0.494 0.025 0 0 0 0
6407297378 926015 Generation 29/01/2014 No 0 0 0 0.056 0.087 0.163 0.175 0.694
6407297378 926015 Consumption 30/01/2014 No 0.144 0.081 0.125 0.8 0.287 0 0 0
6407297378 926015 Generation 30/01/2014 No 0 0 0 0.019 0.15 0.388 0.881 1.212
6407297378 926015 Consumption 31/01/2014 No 1 0.044 0.388 0.237 0.425 0.069 0 0
6407297378 926015 Generation 31/01/2014 No 0 0 0 0.013 0.138 0.45 0.863 1.113
6407297378 926015 Consumption 1/02/2014 No 1.406 0.556 0.362 0.581 0.306 0.225 0.075 0.044
6407297378 926015 Generation 1/02/2014 No 0 0 0 0 0.069 0.075 0.444 0.656
6407297378 926015 Consumption 2/02/2014 No 2.406 0.438 0.444 0.225 0.069 0 0.15 0.069
6407297378 926015 Generation 2/02/2014 No 0 0 0 0.125 0.219 0.5 0.2 0.206
6407297378 926015 Consumption 3/02/2014 No 0.969 0.419 0.469 0.606 0.331 0.019 0.075 0
6407297378 926015 Generation 3/02/2014 No 0 0 0.013 0 0.15 0.35 0.212 0.394
6407297378 926015 Consumption 4/02/2014 No 0.219 0.031 0.106 0.688 0.194 0 0 0
6407297378 926015 Generation 4/02/2014 No 0 0.025 0 0.013 0.225 0.956 1.206 0.631
6407297378 926015 Consumption 5/02/2014 No 0.206 0.056 0.006 0.119 0.019 0 0.013 0
6407297378 926015 Generation 5/02/2014 No 0 0 0.056 0.163 0.45 0.75 0.881 1.038
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import from the grid.  For discussion purposes House E graphs are used in this section.   
 
Figure 3-1 House E Net Daily Production / Consumption profile 
Observations from figure 3-1 and Appendix A graphs are as follows: 
 Seasonal variations are clearly shown – excess solar generation is apparent in 
summer periods (November 2014 through to March 2015) and grid consumption in 
winter months (May 2014 through to August 2014); 
 Significant “swings” in values are apparent, particularly in summer when high levels 
of grid import are apparent.  This may coincide with large variations in solar 
generation during summer as presented in Section 2; 
 The need for continual grid consumption during winter demonstrates that going “off-
grid” would not be viable just by the addition of energy storage.  This is apparent for 
all residences analysed; 
 Smaller systems such as House A and C (1.5 kW) almost always need to import 
power on a daily basis 
The daily generation profile was examined for daily generation shifting potential, namely 
storing “excess” generation during the day when PV generation exceeds behind the 
meter demand and offsetting grid consumption when PV generation reduces below 
residence demand.  The following graph shows the average profile over the smart meter 
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half hourly intervals. Refer to Appendix B for other House profiles. Each graph shows 
excess generation above the axis and grid consumption below the axis. 
 
Figure 3-2 House E 2 yearly average Generation / Consumption (kWh) by time of day 
Observations from figure 3-2 and Appendix B graphs are as follows: 
 There are low (and consistent) levels of consumption from midnight to around 7 am – 
indicating low (no) level of human activities – loads likely to be appliances on standby 
power and refrigeration; 
 Excess generation commences from 8 am through to 5 pm indicating potential for 
energy storage.  Generation profile is consistent with typical PV daily output kW 
profile; 
 Consumption from the grid resumes around 5 pm coincident with reduction in 
generation and likely increase in demand with human activity using cooking / lighting 
/ air conditioning / appliances etc.  This period is when energy storage discharges 
offsetting grid consumption; 
 Typically the smaller the PV system the time export commences is later / finishes is 
earlier and the magnitude of available export is lower.  
To provide an indication of monthly variation for generation and consumption the months 
of January and July 2015 were plotted, the values representing the average across the 
month for each smart meter half hourly interval. 
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Figure 3-3 House E monthly (January / July) average Generation / Consumption (kWh) by 
time of day 
Observations from figure 3-3 and Appendix B graphs are as follows: 
 The window of excess generation is significantly less in July (9am to 2pm) compared 
with January (8am to 6pm); 
 The peak half hourly generation is more than double for January (>0.8 kWh) 
compared with July (<0.4 kWh); 
 The energy available for storage is significantly greater in January compared to July 
(area above the axis); 
 The early morning consumption (midnight to 7am) is slightly higher in January; 
 The evening consumption has higher peaks in July compared to January; 
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 For smaller PV systems the export available during winter months can become non-
existent, i.e. there is no half time period where generation exceeds consumption; 
 The energy available for storage / required from storage is not well matched across 
the months. The evening energy demand in July (12.7 kWh – sum of when import 
commences in the evening to midnight) is higher than the comparable period in 
January (6.6 kWh). The energy storage potential is higher in January (13.3 kWh sum 
of daily export available) than July (2.8 kWh). 
The half hourly generation available for export values was summed for each day and 
plotted – refer Appendix C and figure 3-4.  This graph represents the energy that would 
be available for energy storage for use to offset evening and overnight consumption 
(Note that consumption is not represented in the graph).  
 
Figure 3-4 House E Daily Export Profile (kWh) 
The seasonal variation is apparent in figure 3-4 and Appendix C graphs as well as the 
daily variability represented by the spikiness of the graph.  
For any given energy storage size the storage capacity is constrained by two main 
variables, namely the PV generation available to be stored and the level of consumption 
for the storage to supply energy too, i.e. was the storage completely discharged prior to 
recharging recommencing.  For each day the export generation (+ve) and import 
consumption (-ve) were summed.  The maximum energy available for storage (Storage 
Limit) is calculated by: 
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 =IF (Metered Daily Consumption (-ve value) +Metered Daily Generation>0,-Metered 
Daily Consumption, Metered Daily Generation).  Figure 3-5 shows the daily storage limit 
graphed with total export generation. 
 
Figure 3-5 House E Maximum Storage Limit 
Observations from figure 3-5 are as follows: 
 There are numerous occasions when the export generation exceeds the storage 
limit, i.e. there is insufficient load to consume all the generation that could be stored.  
This is shown by the export generation being a greater value than the storage limit; 
 There is significant variability in the storage limit for the whole 2 year period graphed; 
 The 10 kWh storage horizontal line (set at 9 kWh to allow for 90% Depth of 
Discharge) demonstrates the storage limit due to battery size.  With 10 kWh storage 
capacity there remains multiple times of export to the grid, i.e. when storage limit is 
above the 10 kWh storage line (particularly in summer) together with multiple times 
when the storage will not be fully charged, i.e. when storage limit is below the 10 
kWh storage line (particularly in winter) 
To capture all exported generation storage capacity would need to be increased to > 
20kWh, alternately to achieve a close to full charge / discharge cycle each day useable 
storage capacity would be as low as 2 kWh.  Storage Limit for House E for 7 kWh and 4 
kWh are shown in figure 3-6. Refer to Appendix C for other resident’s battery cycle 
graphs.  
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Figure 3-6 House E Daily Battery Cycles for 4kWh and 7 kWh nameplate batteries 
The white area in figure 3-6 and Appendix C graphs is indicative of when the battery is 
not being cycled 100% each day. The graphs are replicas of figure 3-5 with the “cut-off” 
moved to indicate the varying battery capacity. With increasing battery capacity the 
battery cycling reduces accordingly, i.e. the amount of white area increases and blue 
area decreases. For battery storage to be economical the aim is to maximise the blue 
area, i.e. aim for 100% cycling each day. 
A comparison of house storage performance is tabulated in Table 3-2 and shown 
graphically in figure 3-7.  Available for export is the unconstrained sum of all export on an 
annual basis based on the smart data available (typically over a 2 year period). Available 
for storage % is the percentage of available for export, available for storage being the 
constrained export value based on PV generated /power used and represented as the 
storage limit line in figure 3-5.   
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Three storage capacities were analysed (10 kWh, 7 kWh and 4 kWh). Capacity factor for 
each size was calculated where capacity factor is defined as: 
= Annual storage / (365 x Energy storage capacity*0.9 (Depth of Discharge)) 
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768 / 68% 
Table 3.2 House Storage Capacity Factor 
 
Figure 3-7 Storage Capacity Factor Graph 
Observations from Table 3.2 and Figure 3-7 are as follows: 
 Available for export decreases with decreasing PV system size (as expected); 
 Available for storage decreases in magnitude with decreasing PV size but increases 
in % of available for export.  The increased % is due to the reduced magnitude of 
peak generation above peak storage but the household consumption (lower limit) is 
unaltered; 
Kristyn Hart   Master of Renewable Energy Dissertation 
20 | P a g e  
 
 Above 4 kW PV system size the storage capacity factor is relatively flat for smaller 
battery sizes, i.e. the determining factor is likely to be low demand limiting available 
storage rather than a shortfall in PV. An example of this is shown in the May / June 
period of 2015 in figure 3-5, this may have occurred due to the resident being on 
holidays?;   
 For any given PV system (residence) the storage capacity factor increases with 
reducing storage capacity; 
 For any given storage capacity the capacity factor decreases with decrease in PV 
system size.   
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4. Energy Storage  
Energy storage product information was sourced from contemporary literature research, 
industry emails and by attendance at All-Energy Australia held in Melbourne in October 
2015. At All-Energy a number of conferences and exhibitors were available for 
information regarding latest developments in residential energy storage.  Additional 
information was sought from Victorian energy retailers proposing energy storage 
“solutions” via their website.   
Energy storage was the main topic of discussion and a feature of many presentations at 
the All-Energy Australia Exhibition and Conference. Energy storage is considered to be 
the next area of growth associated with renewable energy, particularly complementing 
residential solar PV installations. Many of the exhibits at the exhibition were related to 
residential battery systems. 
One of the key economic drivers’ that is expected to accelerate the installation of home 
storage is the phasing out of feed in tariffs that were used to encourage the installation of 
solar PV. At the end of 2016 in NSW and Victoria there will be reductions in the feed in 
tariff for solar generation for some residents. In Victoria the feed in tariff is currently set to 
5 c/kWh, substantially less than the retail tariff for purchase from the grid. The addition of 
storage will allow residents to store excess PV during the day for use at night offsetting 
imported power at a higher tariff.  
In addition to economic benefits other motivations to install storage include: 
 Greater independence from the grid – minimise purchased electricity; 
 Generate and consume my own electricity – increased self-consumption; 
 Potential for operation during grid outage – dependant on system configuration; 
 Additional independence from future tariff increases. 
4.1. Residential Battery Storage Products 
There are a multitude of vendors with existing battery offerings suitable for residential 
storage.  Table 4.1 is indicative of the array of vendors and battery types (also refer to 
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Appendix D and Appendix E). The list is sorted by type battery type with Lithium Ion 
being the main offering. Other types include: 
 Lead Acid 
 Flow Batteries 
 Aqueous Ion 
Storage capacity ranges from 1.2 kWh to 32 kWh with many systems offering a building 
block design that allows system expansion. 
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Manufacturer /  
Brand Name 
Battery Type Capacity Comments 
SAFT Intensium Li-ion 4 kWh Claim 80% domestic self-consumption when coupled 
with 5.3kW solar 
360 Storage Energy 
Storage Systems 
LiFePO4 Expandable 2.4kWh modules 
(up to 20kWh) 
 
Alpha-ESS [5] LiFePO4 2.5 to 15 kWh (80% DoD - 2 to 12 kWh useable) 
Enphase Energy [6] 
 
LiFePO4 “AC” battery” 1.2 kilowatt-hour 
(kWh) (with microinverter) 
DoD 95%, roundtrip cell efficiency 96%   
$1,150/kWh wholesale price – for volume purchases 
Fronius [7] LiFePO4 4.5 to 12 kWh in 1.5 kWh 
increments 
DoD 80% - 3.6 to 9.6 kWh useable, 85% efficiency (PV - 
battery - grid) 
LG Chem 
 
Li-ion 6.4kWh, expandable with up to 
two additional 3.2kWh modules   
Offered in Australia at $A6,898 
Magellan Power [8] LiFePO4 9.2kWhr and 13.8 kWh 80% DoD 
AKASOL [9] Li-ion 5.5kWh  
Panasonic Li-ion 8 kWh usable capacity Trialled by Ergon Energy. 2kW output suited to 5 kW PV 
system 
Tesla Li-ion 7kWh (6.4 kWh usable), 3.3 kW 92% round-trip DC efficiency [10] Adding a Powerwall to 
existing solar would cost about $9,500 [11] 
Zen Energy LiFePO4 10 kWh and 20 kWh  
BYD LiFePO4 8 kWh  
Sunverge / AGL Li-ion 11.6 kWh and 19.4 kWh 11.6 kWh is suited to a 4.5kW solar system / power a 
home for 3 to 9 hours depending on consumption. 19.4 
kWh is suited to a 5kW solar system / power a home for 
3 to 9 hours depending on consumption. [12] 




Lithium nickel cobalt 
aluminium oxide 
(LiNiCoAlO2) 
4.4 to 13.2 kWh (in 2.2 kWh 
steps) 
 
Ecoult Lead-acid battery 
hybrid 
5 kWh (Ultrapod) Target price of $5,000 for release in April  2016 
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Manufacturer /  
Brand Name 
Battery Type Capacity Comments 
Alpha Centauri Lead Crystal battery 9.6 kWh 4.8 kWh useable - 50% DoD 
WattGrid [14] 
 
Lead-acid 10 kWh SiO2 electrolyte in gel state (sulfuric acid immobilized on 
silica gel) 
Midnight Energy Valve Regulated Lead 
Acid (VRLA) Gel 
8 kWh to 32 kWh 3200 cycle life @60% DoD  5kW Hybrid Inverter, 
Standard Battery Cabinet, Sonnenschein (German) 




(saltwater) Ion battery 




Vanadium Redox flow 
battery 
15 kWh 100% DoD, DC efficiency 70 – 75% 
Redflow Zinc bromide flow 
battery 
10kWh 100% DoD, Sell for between $17,500 and $19,500 
Table 4.1 Table of Residential Battery Manufacturers / Brand Name
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A high proportion of commercially available batteries are Lithium Ion type with multiple 
manufacturers producing / developing these batteries as shown in figure 4.1-1. 
 
Figure 4.1-1 Navigant Research's leader board for lithium-ion battery manufacturers in Q2 
2015 [16] 
Different battery chemistries exhibit different characteristics and it is the characteristics of 
Lithium Ion batteries that are enhancing their position of leadership for home battery 
storage. Characteristics are listed in Table 4.2 for comparison between Li-ion and lead 
acid batteries. The main characteristic where Li-ion is potentially less attractive than lead 
acid is price, although there is data showing that Li-ion is now lower cost based on 
effective storage capacity (refer figure 4.1-3). Projections of future price indicate that 
ongoing cost reductions are expected with increasing volume of production and 
increasing research and development of Li-ion batteries. 
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Characteristic Lithium Ion Lead Acid Other 
Depth of Discharge  90% 40% - 60% 100% (flow / Ion battery) 
Rate of charge / 
discharge / intermittent 
charge 
High Low Refer charging 
comparison paper [17] 
Maintenance Infrequent Half yearly  
Cycle life High Low  
Self - discharge Low Low Not so relevant to 
residential storage 
Safety / Fire Protection circuit 
required 
Stable  
Toxicity Low High  
Volumetric Energy 
Density (Wh/l) 
350 50  
Gravimetric Energy 
Density (Wh/kg) 
130 30  
Recyclable Lithium not readily 
recoverable 
Yes  
Standards Available  Available  
Cycle Efficiency High High Li-ion higher than lead 
acid 
Cost Reducing Low  
 Table 4.2 Battery Characteristics 
Predicted improvements in battery cost and characteristics for electric vehicles are 
indicated in figure 4.1-2. Such predictions can be directly translated to residential storage 
for Li-ion technologies. Other technologies that may not be suited to vehicles may be 
suitable for stationary storage such as flow batteries and salt water batteries where 
energy density is potentially less of an issue due to additional available space and less 
weight restrictions. However assuming that these technologies are currently competitive 
they would also need to track an aggressive Li-ion cost reduction curve potentially 
without the assistance of the vehicle market providing high manufacturing volume. 
Battery cost curve based on effective storage capacity showing existing and projected 
cost reductions is shown in figure 4.1-3. 
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Figure 4.1-2 Battery cost reduction / performance improvements [18] 
 
Figure 4.1-3 Battery cost by type and year [19] 
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4.2. Residential Battery Installation 
Batteries are a part of everyday life. We are likely to be carrying a battery in our pocket 
(phone), use one at work (computer) and take one with us on outings (automotive) as 
well as batteries throughout the house (toys, smoke alarms, appliances and so on). Is 
installing energy storage just like plugging in an appliance? Not quite as simple, as a 
storage system will also require an inverter, software, cabling and so on. An experienced 
installer / electrician is required for the installation and training regarding operation and 
maintenance of the storage system. The Clean Energy Council [20] has identified a 
range of factors relevant to the uptake of residential storage including: 
 Relevant Australian and International standards to ensure safety and system 
integrity; 
 Installer competency standards; 
 Operation and maintenance requirements; 
 Review / update to regulations relating to building codes, planning, fire and 
environmental safety; 
 Review / update electrical and network regulations; 
 Demonstration projects and consumer information 
4.3. Electricity Utility Owned Storage 
For Ashburton residents the prospect of autonomy from the grid is unlikely without an 
increase in PV installed and/or reduction in load compared to current practice. 
Incremental steps in both these areas are possible over time by the upgrade to more 
efficient appliances, LED lighting, improved insulation and other energy efficiency 
measures. Improvement to PV installed is unlikely unless additional panels are installed 
(where possible) or replaced with higher efficiency panels as / when they become 
available – considered unlikely in the short term as panels are considered a long term 
investment and the incremental improvement may not justify panel change over. With the 
requirement for ongoing grid connection a valid question is “Should storage be owned 
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and controlled by the network at the network level?” rather than small resident 
installations or a combination of both. 
Utilities can enable additional technologies compared with residents and on larger 
scales. Examples of Utility storage include: 
 Hydro power / Pumped storage (Large scale) 
 Supercapacitors (high energy low storage) 
 Flywheels (high energy low storage) 
 Solid state / flow batteries / molten salt batteries (Medium energy / medium storage) 
Energy storage can provide Utilities with additional benefits than may be realised by 
residents and this is a valid reason for Utilities to own and operate energy storage, 
whether it be large scale or residential scale. These additional benefits are being 
researched and trialled by Utilities and are explored in more detail in section 4.4. 
4.4. Storage Research 
4.4.1. Electricity Retail and Network Utilities Research 
Utilities are undertaking trials to test energy storage at both residential and distribution 
level.  Powercor [21] are planning to install 20 residential batteries for a three-year trial to 
assess the benefits of integrating residential-scale batteries into the network.  In the 
study batteries can be either charged from solar or from the network in low demand 
periods. Powercor [22] is also installing network energy storage (2 MW / ?MWh), not as 
a test but as a viable alternative to network enhancement. The battery will improve 
reliability, provide peak load shaving (discharge) and delay/negate the need for power 
line upgrades. This battery is not linked to solar energy generation.  
Panasonic in conjunction with ActewAGL is trialling 15 off Panasonic 8 kWh storage 
units in Canberra [23]. The trial is to test the operation of the units in conjunction with 5 
kW solar arrays. 
Ausnet Services [24] in Melbourne is trialling taking part of a Melbourne suburb 
completely off grid, powered only with rooftop solar and battery storage using PV 
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installations between 3 kW and 4.5 kW and 10 kWh of battery storage on each of 14 
homes. The benefit for Ausnet is to resolve a network constraint. The trial includes 
initially monitoring the production and consumption patterns of the homes with the 
ultimate aim to quit the grid altogether and share their solar and storage in an islanded 
network. The trial will build upon a recent study which analysed usage and consumption 
patterns and the potential returns on investment and tariff structures. 
As a precursor to the above trial AusNet Services [25] completed a three-year battery 
storage trial that concluded that: 
 Residential battery storage is not yet economic; 
 Savings to network upgrades can be realised; 
 Peak demand can be reduced; 
 Potential to maintain power to residences during storm events 
The trial found that a typical resident with PV could save $1,500 over five years by 
adding a battery storage system and that the benefits could increase by one third by use 
of flexible tariffs. The potential network benefit could be up to $3,000 over five years, 
predominantly from avoided network spending. 
AGL Energy [26] is trialling households in Carrum Downs energy management 
technology in conjunction with solar PV and storage to balance spikes in electricity 
demand during hot weather (air conditioning loads) and ultimately reduce consumer 
energy costs. 
4.4.2. ARENA Funded Research 
ARENA (Australian Renewable Energy Agency) is promoting battery storage trials in a 
number of areas of study. These include: 
 Synergy Alkimos Beach (Perth) [27] energy storage trial involving residential “virtual 
energy storage” utilising an installed central 1.1 MWh storage battery (Li-ion) 
together with education, incentives, rebates, energy efficiency and in-house display 
of generation and consumption; 
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 In conjunction with Ergon Energy [28] 33 residents in the three Queensland suburban 
areas will have grid-connected solar PV and battery storage systems (4.9 kW PV/12 
kWh/5 kW battery) installed with ownership of the systems retained by Ergon.  A 
fixed service fee is charged along with usage charges.  Ergon will investigate the 
broader benefits of storage to the network, particularly business benefits such as 
demand response capability, reducing peak network demand and grid support 
(voltage and frequency control).  
 Reposit Power is trialling GridCredits [29] which is a software system that allows 
residential storage to manage the demand profile of a residence and provide energy 
and stabilisation services to the grid. The intention of the software is to improve 
financial returns from installing storage by providing services to the grid as well as 
home consumption. 
 CONSORT [30] (Consumer energy systems providing cost-effective grid support) is a 
joint development with ARENA funding assistance proving 40 home on Bruny Island 
Tasmania with solar PV, battery storage and Reposit Power software to trial the 
integration of multiple residential storage with the local grid to assist in grid support 
and peak demand and to determine a remuneration system that rewards residential 
storage for the supply of grid services. 
 Li-Ion battery testing [31] providing operational characteristics and constraints of 
commercially available lithium-ion batteries used for energy storage 
 Moreland Energy Foundation Limited (MEFL) [32] in Melbourne is investigating ways 
to manage renewables integration with the grid traffic and to explore logistical, 
regulatory and financial challenges in micro-grids in existing suburbs. 
 ARENA is funding the University of Wollongong to develop, install and test two sizes 
of sodium ion batteries (5 kWh and 30 kWh).  Sodium is a low cost raw material and 
development of a battery based on sodium will provide an alternative to Lithium 
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should limitations in the supply of Lithium (leading to increased cost) result due to an 
increased demand from both electric vehicles and energy storage. 
4.4.3. Developer / University / Other Research 
 Landcorp [33] at the White Gum Valley (Perth) apartment development are installing 
solar PV and energy storage (9 kW / 10 kWh LiFePO4 per apartment block), with a 
total of 300 kWh [34] over 80 apartments, in a demonstration project (in conjunction 
with Cooperative Research Centre for Low Carbon Living, Curtin University and 
CSIRO) that will show how apartment living can partake in solar and storage.  In this 
example micro-grids are formed (grid connection is maintained) with the strata 
company acting as the electricity retailer. 
 University of Newcastle [35] has investigated algorithms for day ahead scheduling of 
battery storage with solar PV to maximise two benefits, namely economic return to 
the resident and to reduce the network peak demand and maintain voltage within 
prescribed limits. 145 residents were assessed with benefits shown to accrue to most 
residents. 
 Columbia University and Arizona State University [36] have evaluated strategies to 
limit peak demand using a variety of storage technologies including battery storage. 
Analysis was based on an average US household (not specific residences). The 
study showed that improved economic return is achieved by optimising installed 
storage size, i.e. smaller storage with improved control can lead to better returns. 
 Waseda University [37] has investigated battery degradation over the lifetime of a 
residential PV and battery system. Li-ion battery type was analysed with two sizes (4 
kWh and 8 kWh, both with a 4 kW PV system) and battery degradation from DoD and 
SOC(State of Charge) were considered. Energy saving and cost saving modes of 
operation were considered. The model showed that the degradation in energy saving 
mode was more significant than in cost saving mode.   
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 University of California in conjunction with BioSolar [38] are developing improved 
lithium-ion technology by lowering the cost of materials and improving the cathode 
capacity. Aims for the technology include a doubling of energy density (from 225 
Wh/kg to 459 Wh/kg) and cost reductions by a factor of 4. 
 US Department of Energy's Pacific Northwest National Laboratory [39] have 
identified improvements in aqueous zinc-manganese oxide battery which could result 
in a rechargeable battery that's as inexpensive as conventional car batteries but with 
a much higher energy density.  
 The Joint Center for Energy Storage Research (JCESR) [40] established by the US 
Department of Energy was established in 2012 with the aim developing clean energy 
storage technologies for transportation and the electricity grid. 
4.5. Investment Funding 
Investment and fund management entities are providing funding into renewable energy 
projects [41].  With the increasing focus on energy storage to complement renewable 
energy systems it is likely that energy storage will receive increased investment. 
Indirectly fund managers are also moving away from fossil fuel investments [42] as a 
reaction to assist in the limiting of climate change. Such changes are likely to assist in 
the further development and transition to renewable energy and storage systems. 
4.6. Electric Vehicles 
Electric vehicles (EV’s) are being developed / manufactured by a number of mainstream 
manufacturers (Nissan / BMW / Mitsubishi / Renault / General Motors and the list 
continues).  Increasing production of EV’s will provide a parallel path for energy storage 
technology development to that for residential energy storage.   
There are many parallels between the requirements of EV’s and residential storage. 
Tesla is one example of a manufacturer that develops both electric cars and home 
energy storage batteries.  The sales of Tesla electric cars are increasing (200,000 orders 
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on release of the Tesla model 3) [43] will assist to drive the cost of battery storage per 
kWh lower due to mass production (500,000 Tesla cars per year by 2020). 
In Germany Daimler AG [44] has begun deliveries of home energy storage systems 
using lithium-ion, battery-based home energy storage units manufactured by Deutsche 
ACCUMOTIVE and are based on the technologies developed for use in electric 
Mercedes-Benz vehicles. Battery size is in increments of 2.5 kWh with total storage size 
up to 20 kWh.  
Worldwide electric car sales [45] increased from 330,000 in 2014 to 550,000 in 2015. 
The US Department of Energy (DOE) has published a report [46] examining five clean 
energy technologies that have “arrived”.  Figure 4.6-1 shows a graph of battery cost 
(US$) and cumulative EV sales by year.  
 
Figure 4.6-1 Electric Vehicle Sales / Battery Costs 
The report suggests that predicted battery costs can be as low as US$200/kWh by 2020 
and possibly as low as US$125/kWh in 2022. The battery type used for electric vehicles 
is Li-ion. 
In addition to driving battery cost lower as a result of increased manufacturing volume, 
the increased ownership of electric vehicles will impact how home generation and 
storage may be configured [47]. It should be noted that, as an example, the Tesla model 
S entry level battery size is 44 kWh, significantly larger a typical residential storage 
system. Depending on driving habits and with an expected range of 320 kilometres the 
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daily charge may be around 6 kWh (15,000 kilometres/annum), potentially in line with the 
size of a residential PV system.  
 
Figure 4.6-2 Storage and Electric Vehicle Configuration 
4.7. Alternate Energy Storage Systems 
Battery storage is not the only available system for energy storage and minimisation of 
tariffs. Strategies and technologies include: 
 Load shifting to “excess” solar PV generation periods by using timers for control of 
appliances such as washing machines, water heaters, clothes dryers, pool pumps, 
slow cookers. This can be achieved by time switches or inverters that can control 
power outlets based on available solar generation; 
 Energy Efficient appliances that use less energy when operated or low / no energy in 
standby / off. For the residents surveyed the average “overnight” consumption was 
calculated with a range of 3.3 to 7.3 kWh, refer Table 4.7.   
House kWh 00:00  to 06:30 kWh 20:00 to 24:00 Total overnight kWh 
A 1.14 2.20 3.34 
B 1.89 3.52 5.41 
C 1.35 2.57 3.92 
D 2.49 2.62 5.11 
E 2.42 4.89 7.31 
F 3.40 2.99 6.39 
G 1.96 2.66 4.62 
I 2.52 3.32 5.84 
Table 4.3 Overnight average Energy Consumption 
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 Ice storage where low cost electricity (solar or off-peak) is used to freeze water in an 
insulated tank for use later as required for cooling [48]; 
 Replacement of alternative fuelled appliances such as natural gas cooking, hot water 
and heating with electric appliance for greater self-sufficiency and additional options 
for use of self-generated solar PV. 
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5. Resident Storage Options, Economics and Benefits 
5.1. Introduction 
Energy storage has the potential to provide a number of beneficial services to support 
the operation and economics of the electricity network.  At present the only economic 
benefit readily available to residential customers is to use energy storage to store excess 
solar generation (during the day - that typically attracts a low feed in tariff) and to use the 
stored energy in lieu of the grid during high tariff periods, typically in the evening peak 
period.  
Three sizes of battery storage systems were evaluated to determine what size is likely to 
be most economic with the installed neighbourhood PV installations.  The battery storage 
system sizes selected are 10 kWh, 7 kWh and 4 kWh nameplate rating with a depth of 
discharge (DoD) of 90% applied. These sizes are within the range of currently available 
sizes being offered commercially.     
5.2. Installation 
Installation of energy storage requires additional equipment to the battery.  Additional 
hardware includes an inverter and battery control system, not just for charge controlling, 
but to direct energy flows to to/from the grid and to/from storage in order to maximise the 
economic benefit of the battery installation.  The main components of adding battery 
storage are: 
 Batteries; 
 Inverter (Hybrid if replacement / Battery inverter); 
 Software System for control; 
 Balance of equipment – wiring / mounting / fuses 
The inverter is an extra inverter (or replacement of the existing inverter) with the 
following functions: 
 convert the batteries’ DC to a grid compatible 240V AC; 
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 convert the solar inverter’s 240 AC output to DC to charge the battery (if AC coupled) 
or replacement of the existing inverter with a hybrid inverter that DC couples the solar 
panels and battery via a battery charging function and converts solar PV and/or 
battery to AC for behind the meter use / export as required; 
 control the charging so that the battery is not damaged; 
 charge the battery with solar electricity (or possibly off-peak grid electricity); 
 discharge the battery when the household demand exceeds PV generation and don’t 
discharge it back into the grid (unless the battery is fully charged). 
5.3. Tariffs 
Electricity accounts from each residence were obtained to review the applicable tariff 
structures.  In Victoria the solar feed in tariff (FIT) varies depending on the time when the 
electricity contract was agreed – refer to the Table 5.1. 
Contract Date FIT c/kWh Expiry 
November 2009 to December 2011 60 November 2024 
January to December 2012 25 31 December 2016 
January 2013 to December 2015 6.2 Expired 
2016 onwards 5 Current 
Table 5.1 Victorian Electricity Feed in Tariff  
The surveyed residents had a range of retailers and tariff structures including most of the 
different FIT’s currently available.  The tariffs are shown in Table 5.2.  Retailers can pay 
more than the mandated FIT which explains the discrepancies when comparing Tables 
5.1 and 5.2  
 
Table 5.2 Resident Tariffs 











Origin A 7-Jan-16 24.97 9.69 99.94 66
Peak 7am to 11pm weekdays
Includes 28% pay on time discount
Red B 7-Apr-15 25.20 11.39 85.50 66
AGL C 11-Jan-16 39.67 27.48 16.31 119.70 68 Freedom 3%
Momentum D 12-Oct-15 23.31 75.15 6.2
Red E 2-Jul-15 20.79 94.05 6.5 Includes 10% pay on time discount
Energy Australia F 13-Jul-15 22.15 112.20 6.2 Includes 14% pay on time discount
Red G 1-Oct-15 25.20 18.90 11.39 85.50 31.2
Includes 10% pay on time discount
Shoulder is 7am to 3pm, peak is 3pm 
to 9pm weekdays, offpeak all other 
times and weekends
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There is a range of tariffs offered by each retailer.  As an example Red Energy is 
represented amongst residents surveyed with three different tariffs being used: 
 Single Rate (Household E) 
 TOU (time of use) Rate (Peak and Off peak rate) (Household B) 
 Flexible Use (Peak, Shoulder and Off peak rate (Household G) 
For each tariff there are financial incentives (reduction in tariff) for items such as pay on 
time discounts and notification by email rather than be post. It is assumed in the analysis 
that residents will take up any financial incentives as the basis of their agreement with 
the retailer. 
The Clean Energy Council [49] has recognised that tariffs need to be set accordingly to 
unlock the potential of battery storage, particularly with regard to using storage to reduce 
peak demand.    
 
Figure 5.3-1 Components of electricity price rises in NSW [50] 
Figure 5.3-1 shows the component make-up of electricity charges in NSW.  The energy 
cost is 25% and the network cost is 52% of the total cost.  In Victoria the Energy 
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Ombudsman [51] advice regarding electricity pricing has energy cost at 21% to 27% and 
network costs of 36% to 57%, similar to NSW. 
The graph shows substantial growth in network costs over 5 years.  It is not clear from 
the retail tariffs how the network charges and the energy charges are distributed within 
the c/kWh tariffs and the supply charge.  Supply tariffs are typically around $1/day and 
depending on usage the c/kWh cost per day for a resident (without solar) is likely to be in 
the $2.50/day to $5/day, significantly higher than the supply tariff. Based on the residents 
survey it is not possible for residents to disconnect from the grid without increasing PV 
capacity and / or changing usage. 
For tariffs to be used to make storage more economically attractive the difference in rate 
between solar generation into the grid (FIT) and import from the grid would need to be 
increased. This would be difficult to implement as it would either reduce the FIT or 
increase the retail tariff, neither of which would be attractive to electricity users.    
Where additional benefits can be derived from energy storage and valued accordingly 
there is an improved economic outcome. An example of such a system is in Vermont 
where Green Mountain Power [52] is providing multiple alternatives to resident storage 
systems including; 
 direct purchase, where the utility has no control of the battery  
 direct purchase and provides the resident with monthly invoice reductions equivalent 
to a 17 year payback (utility control of battery) 
 no upfront payment and a monthly invoice equivalent to a 14 year (interest free) 
payment plan (utility control of battery) 
Utility control of the battery includes discharging batteries at times of high demand which 
both reduces energy costs and reduces peak demand on the network, the main savings 
being from reduced network charges. Note that this use of battery storage is not linked to 
solar PV or FIT’s. 
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Reposit Power [53] is enabling residential electricity trading with the grid to enhance the 
economics for storage. Software is used to allow residents to trade electricity including 
buying from the grid during times of low energy costs, optimising self-consumption and 
selling to the grid at high energy costs. The technology uses multiple inputs to predict 
grid energy pricing and future solar performance including weather forecasts that can 
predict following day solar performance and determine whether low cost energy 
overnight energy should be stored rather than leave storage capacity for the following 
day’s solar generation. However to utilise the system the retailer / network operator 
needs to be in agreement.  
Retailer Diamond Power [54] is offering a Reposit Power system called GridCredit100 
which allows Diamond Power to draw power from the battery at their nomination and pay 
the resident $1.00/kWh, a 20 fold increase on the current feed in tariff. 
For Ashburton residents United Energy has published a Tariff Structure Statement [55] 
that proposes transitioning by 2020 to a three component tariff that consists of a fixed 
charge, an energy consumed charge and a maximum demand charge. The new 
component of the structure is the maximum demand charge which could typically make 
up 50% of the cost. The fixed charge is reduced and the energy charge is also reduced 
by a smaller amount. This change if introduced would likely favour storage as it both the 
energy charge and demand charge can be influenced by storage. 
5.4. Energy Storage System Pricing 
For the economic analysis total installed system pricing (not battery pricing) was set at 
$1500/kWh and $750/kWh.  The system pricing is a total installed cost including all 
required hardware, software and installation. $1500/kWh is a reasonable starting point 
for examining current economic evaluation based on the AGL pricing (Appendix E).  
$750/kWh is considered aggressive (future) pricing as currently no battery only pricing 
(excluding installation) under $1138/kWh is available. 
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Available costing data is included in Appendix C (Solarquotes) and Appendix D (Retailer 
AGL). The AGL pricing is marginally over $1500 / kWh for an installed battery system 
with an existing solar PV installation (battery only price). AGL’s bundle price is inclusive 
of solar PV as well as battery and ancillaries. 
Solarquotes website information is across a range of suppliers and a mixture of 
inclusions – none of them including installation. A graphical representation is provided in 
figure 5.4-1. 
 
Figure 5.4-1 Solarquote Battery cost / size  
5.5. Economic Evaluation 
The use of storage is economically beneficial when the import tariff is greater than the 
export tariff.  For residents with the tariff structure in place pre 2012 there is no economic 
benefit as the FIT is higher than the import tariff. For agreements made in 2013 there is 
no advantage this year (2016) as the FIT (25 c/kWh) is similar to the import tariff 
(typically 22 to 25 c/kWh).   
To test the economics of battery storage a FIT of 5 c/kWh was selected (current FIT) and 
a fixed (24h tariff) of 23.3 c/kWh as being representative of what is currently readily 
available from retailers.  Different tariff structures can result in different economic 
outcomes.  Only one of the multi tariffs (resident C) has a significantly higher peak tariff 
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(39.67 c/kWh) than that modelled. All other peak tariffs (25 c/kWh) are only slightly 
higher than that modelled.  The benefit of a higher peak tariff is offset by lower shoulder 
and off peak tariffs and lower weekend tariffs, i.e. the lower difference between the solar 
FIT and grid tariff provide lower economic benefit for battery storage.    
Consumption (import) and Generation data for each household was analysed by 
summing all the generation for each day and separately summing all the consumption for 
each day.  Note that self-generation consumption is not metered by the smart meter and 
is not required for the calculation of economic benefit of storage as no tariff is being 
offset.  This is not strictly correct as there could be benefit in storing solar PV and 
importing grid power during shoulder tariff periods to provide additional export during 
peak tariff periods.  
The smart meter data was summed for the period of data available (typically two years) 
and converted to a per annum basis.  The available for export value in the following 
tables is the total export value, i.e. the sum of all generation available for export.  This 
value was then tested against two criteria. The first criteria is; does the battery get 
completely discharged (to the allowable DoD – set at 0.9 for all sizes), prior to the next 
day export commencing.  If yes the full battery capacity is available for recharging.  If no 
then the only the available capacity (capacity less drawn down value) is available.  When 
the drawn down value is less than the storage size (low levels of overnight use) then 
there is a limit imposed on the available storage over the year, particularly in summer 
periods.  Total conversion efficiency is applied to the energy input to storage. The 
second test is the battery capacity, i.e. when the battery is fully charged any additional 
export power is sent for export. The function test is: 
=IF (DG>(DC/Eff), MIN(DC,SC)/Eff , MIN(DG,SC/Eff)) 
Where: 
DG – Daily Generation 
DC – Daily Consumption 
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SC – Storage Capacity (Nameplate / DoD) 
Eff – Total System Efficiency 
Three battery sizes were tested with nameplate ratings of 4kWh, 7kWh and 10kWh, all 
with a DoD of 90%.  Storage cycle efficiencies between 85% and 100% (in 5% 
increments) were used to test the effect on storage capacity and revenue. Storage prices 
of $750/kWh and $1500/kWh were used to calculate simple payback periods in years. 
The evaluation did not consider the impact of storing grid (consumption) electricity during 
low demand (typically overnight).  For this to be economical the resident would need to 
be on a multi tariff system, be able to offset consumption during high tariff rate periods 
and to control the system so that excess solar generation can be stored in lieu of being 
exported at a low tariff (FIT). 
The efficiency value used for evaluation is assumed to include: 
 Software control system able to direct energy flows to maximise economic return, in 
this case maximising self-consumption; 
 Limits regarding battery charge and discharge rates; 
 Inverter / battery system ability to control through high solar ramp rates (fluctuating 
outputs) on overcast days; 
 Battery performance degradation over time 
Economic evaluation results by residence are provided in Tables in Appendix F.  For 
explanation purposes House E’s table of results is included below: 
 Available for export kW/a is the sum of the total smart generation values (2 years of 
data) average to per annum. 
 Available for storage kWh/a is the sum of the generation values taking into account 
both storage size (excess generation when the battery is full goes to the grid – 
typically summer) and generation available for storage (may be a shortfall and the 
battery is not fully charged in low generation days – typically winter)  
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 Revenue = Energy stored * tariff (23.309c/kWh) – Energy used for storage * tariff 
(5c/kWh) 
 Simple payback = Cost/kWh * Useable Capacity (9 / 6.3 / 3.6 kWh) /revenue $/a 
 Efficiency is applied to the available for storage value. When there is an excess of PV 
it reduces the energy sent to the grid, during a shortfall of PV it reduces the amount 
of stored energy  
 
Table 5.3 House E Economic Payback Data 
Observations from Table 5 include: 
 Storage kWh /a decreases as conversion efficiency decreases; 
 85% conversion efficiency stores 95% of the energy of 100% conversion efficiency. 
This is due to the ability to use excess solar generation in the efficiency calculation to 
fully charge the battery. However revenue is only 91% as less power was exported to 
the grid earning FIT revenue. This is seen in only a minor increase in payback time 
for the 5% incremental steps in conversion efficiency; 
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 Payback is improved as storage size is reduced. This may not be so apparent in a 
real life installation where you would expect installation cost to reduce in $/kWh terms 
with bigger sizes; 
 Simple payback time of 25+ years would be considered non-economic as this would 
likely be beyond the life of the storage batteries; 
 Halving battery installed cost achieves payback times of 13+ years which is likely to 
be attractive to some residents but not expected to be at a point of high percentage 
of resident uptake    
Table 5.4 shows a tabulated summary of residents cost saving and payback data based 
on a cost of $750 /kWh useable and 90% efficiency. Figure 5.5-1 shows the payback 
curves vs. PV size for the three storage sizes considered. There is a relatively flat 
payback / benefit line for 4 kWh storage systems for solar PV systems 3 kW and above. 
This may vary slightly from resident to resident but a payback period based on benefits, 
whether it is in tariff difference, network rebates or peak reduction can be evaluated 
against installed cost to determine when a payback period that is attractive to residents / 
utilities will drive storage uptake.       
As solar PV size increases: 
 The payback time for storage decreases; 
 The payback time “gap” between storage size decreases, i.e. larger storage 
becomes more attractive with increasing solar PV size; 
 Smaller storage size always has a quicker payback period; 
 The graphs infer that for a given storage size there will be a solar PV size that 
provides the best payback time and any additional PV will not improve payback, i.e. 
the curve will “flat line”.  Note that the flat line for a 90% efficient conversion is 11.6 
years for the tariff and battery costs used in the analysis.     
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Table 5.4 Economic Payback Resident Summary $750/kWh – 90% efficiency 
 
Figure 5.5-1 Energy Storage Payback time vs PV size $750/kWh - 90% Efficiency 
5.6. Benchmarking 
The Alternative Technology Association (ATA) published a Household Battery Analysis 
report [56] in November 2015.  The report presented Net Present Value (NPV) of three 
systems to analyse when storage in conjunction would provide more attractive NPV as 
compared to solar without storage.  This was completed for each capital city and two 
regional cities.  Two household types were analysed with daily consumptions of 10.6 
kWh/day and 25 kWh/day. Solar PV size of 4kW with useable battery capacities of 4 
E - 5kWh F - 4.5 kWh G - 4.0kWh D - 3.0 kWh I - 3 kWh B - 2.5 kWh C- 1.5 kWh
10 kWh 2196 1841 1961 2017 1840 1563 826
7 kWh 1769 1605 1774 1856 1641 1485 826
4 kWh 1154 1095 1205 1272 1140 1072 731
10 kWh $390 $327 $348 $358 $327 $277 $147
7 kWh $314 $285 $315 $330 $291 $264 $147
4 kWh $205 $194 $214 $226 $199 $190 $130
10 kWh 17 21 19 19 21 24 46
7 kWh 15 17 15 14 16 18 32
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kWh and 7kWh were modelled using the ATA’s Sunulator simulation model with a 
charging round trip efficiency of 90%.  Three tariff types were used, flat, time of use and 
demand (kW).  Battery prices of around $800/kWh fully installed were used in the 
analysis, based on new solar installations rather than retrofitting of existing PV solar 
systems. 
There is a significant difference in the battery pricing used by the ATA and what is 
commercially available presently in 2016.  ATA have assumed an 85 per annum cost 
reduction for batteries between 2016 and 2020. 
Looking at trends (rather than absolute values) from the report for Melbourne, the 
following compares favourably with the analysis of houses in Ashburton: 
 The 7 kWh hour battery is less attractive than the 4 kWh battery for flat tariff regime 
due to lower likelihood of full utilisation; 
 Adding batteries delivered annual savings  
o 4 kWh savings of $132 to $335 (compares with $214) and; 
o  7 kWh savings of $197 to $513 (compares with $330) 
 For all modelling there was no instance of where adding a battery in Melbourne was 
cost effective; 
 The report identified “bad days” for batteries, similar to that predicted for Ashburton; 
o Consumption matching generation during the day leaving little excess energy 
for battery charging 
o  Low demand (such as when the family is away from home) resulting in low 
discharging of the battery 
Battery 
Size 
Installed Cost (including 
PV and battery) 
Payback (years) 
Flat Tariff TOU Tariff  Demand Tariff  
4 kWh $9851 27 19 19 
7 kWh $12051 30 29 20 
Table 5.5 ATA Simple Payback 
A report issued by Energeia Consultants [57] regarding residential energy storage 
system economics, based on the offerings of three main retailers and modelling of 
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multiple load profiles found that for most residents investment in energy storage is not 
worthwhile. 
Energeia modelling is based on solar PV and battery storage rather than just battery 
storage “add on” to existing systems. The annual savings for residents from the 
modelling centres around $650 to $700 compared with $220 to $350 evaluated for the 
Ashburton residents. Note that the Ashburton residents’ savings analysis does not 
include savings due to installation of solar PV.   
  
 Figure 5.6-1 Energeia Annual bill savings of Solar Storage Bundles 
 
Table 5.6 Energeia Consultants Cost Data 
5.7. Residents Survey 
A survey of residential participants was undertaken (exclusive of the economic findings) 
to understand whether they would consider installing storage in conjunction with their 
existing solar PV system and what factors would influence the decision, such as 
economic, grid independence, security of supply etc. Results of the survey are compiled 
in Table 5.6.    
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Batteries Blackouts Efficiency Retail Price -  
Monitor 
A  1.5 Yes, 
Inspection 
and cleaning 






No – on high 
FIT 
No Turn off lights, 
efficient appliances, 
turn off standby 
power 
No 





Yes – If 
economic 
and blackout 
Yes Power saver switch, 
turn off lights, energy 
efficient appliances 
No 






No – have 
not 
considered it 
Yes Turn off lights, 
efficient appliances, 
turn off standby 
power 
No 










 No Efficient appliances 
(yes to all 
No 
E 02/13 5  Nil Nil Economic No If economic No LED lights No 





No – to 
expensive 
 Efficient Appliances 
LED / CFL lights 




G 08/12 4 Nil Nil Environment 
Buffer against 
energy costs 









and wear out 
over time 
No Turn off lights when 
not required 
Have energy efficient 
appliances 
Have low power lights 
(LED) 
Once per year 
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Batteries Blackouts Efficiency Retail Price -  
Monitor 





Cost saving  
Use my own 
power 
No Efficient Appliances 
LED / CFL lights 













No  No 
L 06/12 2 Nil Nil Economic 
Environmental 
Possibly Yes Use my 
own power / 
Cost saving / 
Blackout 
power 
Occasionally Yes to all No 
Table 5.7 Resident Survey Data
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Key take-aways from the survey include: 
 Solar PV installations are operating well with no faults or maintenance required; 
 Residents are unlikely to install more PV panels due primarily to a constraint in 
available roof area to install panels; 
 Some residents are amenable to consider the use of batteries but only if economic; 
 Blackouts are not common, there is not a strong driver for storage for supply during 
blackouts; 
 Residents claim to be energy efficient and are mindful of reducing energy demand 
where possible; 
 Residents do not actively monitor retail pricing seeking lower tariffs. 
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6. Results and Discussion 
It is reasonable to suggest that no residents have a basis for understanding the 
performance of their PV system either against other systems in their local area or against 
the expected output from a system based on the available solar radiation. It is not 
possible for the electricity retailer to provide this information in the invoice as the “behind 
the meter” generation / consumption is not monitored by the smart meter. This could be 
provided if the inverter data was monitored in conjunction with the smart meter. With the 
trialling and implementation of home storage systems it is recommended that each 
system solar performance data is monitored to allow ongoing performance monitoring of 
each system.  
Resident smart meter data (provided at half hourly intervals) enabled evaluation of 
generation and consumption profiles for each residence for periods of up to two years 
(some residents did not supply this data and could not be evaluated).  For all residences 
evaluated it was confirmed that no residence was in a position to go off-grid, primarily 
due to the low generation available during the winter months. Based on the resident’s 
survey it is either unlikely or not possible to increase PV capacity due to existing space 
constraints. 
Daily generation profiles show that PV export to the grid occurs for PV systems across 
all months of the year (other than some smaller 1.5kW systems during winter). This 
export is available for storage and use in the evenings / overnight to offset imported 
power. Physical limits to storage were evaluated. The three main limits to storage 
capacity are: 
1. Battery size (i.e. available storage capacity kWh); 
2. PV generation available for storage; 
3. Evening / overnight consumption drawdown;  
Significant seasonal variations of items 2 and 3 limit the storage capacity factor for all 
three battery sizes evaluated.  100% storage capacity factor is only likely to be achieved 
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with small battery sizes as periods of low consumption (for example house vacant with 
residents away) would typically occur for most residents. 
There are numerous battery storage offerings for residents in a very dynamic market 
where multiple players offer many alternatives. Lithium ion battery technology is the 
prevalent technology and has a high profile by association with known household brands 
such as LG / Samsung / Panasonic and by price competitive announcements during the 
study period by companies such as Tesla. Energy retailers are providing installed costs 
for systems but at present economic paybacks are just beginning to be quantified. 
Expectations are that battery prices will reduce with increasing production rates to 
service both residential and electric vehicle markets together with ongoing research and 
development.   
Research trials are underway in Australia to test the operation of batteries to get real 
operating and performance data that can be used both at the resident level to prove 
operation, safety and economics and at the Utility level to prove grid support 
opportunities including the potential to defer or limit the requirement for future network 
upgrades. There is evidence that there is an immediate benefit to Utilities including 
voltage control, peak shaving and ride through of storm events. 
Smart meter data for residents surveyed has provided the basis for economic 
investigation of battery storage based on existing tariff structures. To test the economic 
payback time existing tariffs, excess generation and consumption patterns were 
analysed for three battery sizes and multiple conversion efficiencies. Simple payback 
periods in excess of 20 years are typical for current battery pricing and tariffs. With a 
halving in total installed cost for storage the payback period can approach 12 years with 
existing tariffs. Economics can be improved by the Utility sharing in the benefits of 
storage. The mechanism for realising this benefit is not available in the existing tariff 
structures. This is being investigated by alternative tariff structures, by utilities supplying 
storage to residents in an alternative contract arrangement and indirectly by the resident 
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participating in the wholesale electricity market where storage is despatched during high 
cost generation events (likely to be a result of network peak load events). 
For significant uptake of residential solar PV the payback period required is typically < 6 
years. It is reasonable to expect that a similar payback period would be required for 
significant storage uptake by residents. With existing tariff structures the installed cost of 
batteries would need to drop by a factor of 4 to trigger significant take-up or by a factor of 
2 if network benefits were included in the economics.  
Benchmarking of findings confirmed that calculated expected savings were similar in 
magnitude to that completed by the Alternative Technology Association (ATA). Payback 
periods were higher in this analysis compared to ATA due to a different cost used for 
batteries. Contemporary installed battery pricing used in this report was confirmed by 
reference to retailer pricing and battery vendor pricing.   
Two industry energy storage events were attended during the writing of this dissertation, 
one in October 2015 and the other in May 2016. In October the main thrust of discussion 
was the impending removal of FiT’s that would trigger uptake of home storage systems. 
In May there was “admission” that home energy storage was not yet economic and that 
early adopters would be the basis of storage installations. In May the main discussion 
was centred on the “internet of things” and how best to integrate storage into the grid.  
“Cheap data” will enable improved predictive control (rather than reactive) and 
integration of distributed storage. Data will enable performance monitoring of installed 
PV systems and at least make residents aware that there system may be 
underperforming, whether or not some maintenance / replacement takes place can at 
least be evaluated. 
Utilities, Government agencies (ARENA, CSIRO) and others are actively testing the 
operation of storage integrated into electricity networks. The Rocky Mountain Institute 
report “The Economics of Load Defection”[58] examined likely scenarios to 2050 for 
energy storage. The findings were that grid defection would be small. The overwhelming 
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scenario was that over time that grid, then grid plus solar and then grid plus solar and 
storage would dominate as economics made storage attractive.  
This scenario aligns with the findings for Ashburton residents given that grid defection is 
not a viable option for most residents, that storage prices are likely to continue to 
decrease, that storage provides benefits to residents and networks and that data analyse 
software will allow storage benefits to be maximised in both economic and grid stability 
terms.   
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7. Conclusions 
Monitoring of the performance of 12 Ashburton residential PV systems showed that there 
is a wide variance in measured outputs (>20% of capacity factor) for the 4 month time 
period monitored.  This was comparable with APVI contributor data which showed a 
similar variance. The variance for residents did not show consistently underperforming 
systems other than the local primary school which was consistently at the low end of 
capacity factor readings and consistently lower than the original expected design output, 
for both 2014 and 2015. Output trends were consistent for all residents. 
Economic evaluation of energy storage indicates that it is not economic to install 
batteries at residences based on existing tariff structures and existing battery pricing. 
There is a continual decrease in battery pricing /kWh, this trend is expected to continue 
driven by both the residential storage market and electric vehicle uptake. Energy storage 
benefits electricity utilities as well as residents with a number of installed performance 
trials in progress in Australia to confirm / test these benefits. 
Literature review confirmed that there is ongoing research and development in improving 
the performance and cost effectiveness of batteries in conjunction with field trials. It is 
expected that residential energy storage will become economic with the confluence of 
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8. Appendices 
A Annual Production / Consumption Profiles by Residence 
B Average Generation / Consumption (kWh) by time of day 
C Useable Daily Battery Cycles by Residence and Battery Capacity 
D   Battery Storage Price / Details Comparison Table 
E AGL Storage Price / Details Comparison Table 
F  Residence Storage Economic Tables 
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Battery Type Lithium-Ion Lithium-Ion Lithium-Ion
Flow (Zinc-
Bromide)




Price $7,500 $15,000 $14,990 $12,600 $8,000 $5,000 
(Unknown - 
$15,000 AUD?)





6.4 (5.12) kWh 
main pack, 3.2 
kWh expansion 
pack (max 2)
7.2kWh 11.6 kWh 10 kWh 6.4 (5.44) kWh 2.6kWh 8.1kWh 7.5kWh 2.2 kWh





$/kWh $1,465 $2,083 $1,292 $1,260 $1,471 $1,923 $1,852 $1,933 $1,136 $1,818 $1,630 
Pros
Can be used in 


























to 50 degrees C
Can be stored 





Can be used in 






very high cycle 
life
High cycle life 
and depth of 
discharge
Additional 
































when finding a 
wall to mount it 





















Very large size, 
very heavy, low 




60kg main pack, 
30kg expansion 
pack









3.3kW steady, 5 
kW peak













40cm x 66 cm x 
16cm main pack
28cm x 120cm x 
114cm
86cm x 186cm x 
36cm
84cm x 82 cm x 
40cm
86cm x 130cm x 
18cm
28 cm x 27 cm x 
24 cm
61cm x 163cm x 
65cm
57cm x 95cm x 
61cm
33cm x 93 cm x 
31cm
39cm x 32.5cm x 
22cm




15-20 years 15 years 20 years 10-15 years 10-15 years 25+ years 15 years 20 years 8-10 years 15-20 years 5-10 years
Cycle Life
6,000 cycles at 
80% DoD
6,000 cycles at 
90% DoD
8,000 85% DoD
4,000 cycles at 
100% DoD
3,000 cycles at 
80% DoD
10,000 cycles at 
80% DoD
6,000 cycles at 
90% DoD
8,000 cycles at 
80% DoD
3,000 cycles at 
100% DoD
7300 cycles at 
80% DoD




No Yes Yes No No No Yes





Warranty 10 years 5 years 10 years 10 years 10 years 10 years
5 years 
(extendable to 20 
years)




5 years full 
warranty, 3 extra 
years partial 
warranty
10 years 2 years
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Appendix E [12] AGL Storage Price / Details Comparison Table  
 
AUO PowerLegato Sunverge SIS 11.6 Sunverge SIS 19.4 Tesla Powerwall 
Bundle price** From $12,990* From $19,990* From $24,990* From $17,250 
Battery only $9,990* $14,990* $19,990* 
 
Capacity 7.2 kWh 11.6 kWh 19.4 kWh 7 kWh 
Usable / $/kWh 6.5 kWh / $1540/kWh 9.9 kWh / $1514/kWh 16.5 kWh / $1211 6.4kWh 
PV System size 3-4.5 kW 4-5 kW 4-5 kW 
 
Power output 3 kW 5 kW 5 kW 3.3kW 
Backup power 3 kW 6.8 kW 6.8 kW 
 
Install location Indoor Indoor or outdoor Indoor or outdoor Indoor or outdoor 
Warranty 10 years 10 years 10 years 10 years 
Dimensions (cm) (H)67 (W)68 (D)38 (H) 186 (W) 86 (D) 36 (H) 186 (W) 86 (D) 36 (H) 130  (W) 86  (D) 18  
Solar export*** >6kWh and <9kWh >9kWh and <15kWh >15kWh 
 
Install included Yes Yes Yes 
 
Inverter included Yes Yes Yes No 
Web portal Yes Yes Yes 
 
*Inclusive of GST. **Solar & storage bundle. ***Ideal daily solar export. 
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Appendix F Residence Storage Economic Tables  
 
 
Available for export kWh/a 2961
Available for storage kWh/a 2025
Conversion Efficiency % 100 95 90 85
10 kWh storage kWh/a 1936 1889 1841 1787
10 kWh revenue $/a 354$        341$        327$        311$        
7 kWh storage kWh/a 1670 1639 1605 1567
7 kWh revenue $/a 306$        296$        285$        273$        
4kWh storage kWh/a 1118 1107 1095 1082
4 kWh revenue $/a 233$        200$        194$        189$        
10kWh storage kWh
Cost/kWh $750 19 20 21 22
Cost/kWh $1500 38 40 41 43
7kWh storage kWh
Cost/kWh $750 15 16 17 17
Cost/kWh $1500 31 32 33 35
4kWh storage kWh
Cost/kWh $750 12 14 14 14
Cost/kWh $1500 23 27 28 29
House F - 4.5 kW
Simple Payback Time (Years)
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Available for export kWh/a 3144
Available for storage kWh/a 2143
Conversion Efficiency % 100 95 90 85
10 kWh storage kWh/a 2078 2021 1961 1898
10 kWh revenue $/a 380$        365$        348$        331$        
7 kWh storage kWh/a 1837 1808 1774 1736
7 kWh revenue $/a 336$        326$        315$        302$        
4kWh storage kWh/a 1209 1207 1205 1202
4 kWh revenue $/a 221$        218$        214$        209$        
10kWh storage 
Cost/kWh $750 18 19 19 20
Cost/kWh $1500 35 37 39 41
7kWh storage kWh
Cost/kWh $750 14 14 15 16
Cost/kWh $1500 28 29 30 31
4kWh storage kWh
Cost/kWh $750 12 12 13 13
Cost/kWh $1500 24 25 25 26
Simple Payback Time (Years)
House  G - 4.0 kW
Available for export kWh/a 2835
Available for storage kWh/a 1757
Conversion Efficiency % 100 95 90 85
10 kWh storage kWh/a 2124 2075 2017 1955
10 kWh revenue $/a 389$        374$        358$        341$        
7 kWh storage kWh/a 1897 1879 1856 1828
7 kWh revenue $/a 347$        339$        330$        319$        
4kWh storage kWh/a 1275 1274 1272 1268
4 kWh revenue $/a 233$        230$        226$        221$        
10kWh storage kWh
Cost/kWh $750 17 18 19 20
Cost/kWh $1500 35 36 38 40
7kWh storage kWh
Cost/kWh $750 14 14 14 15
Cost/kWh $1500 27 28 29 30
4kWh storage kWh
Cost/kWh $750 12 12 12 12
Cost/kWh $1500 23 23 24 24
Simple Payback Time (Years)
House D - 3.0 kW
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Available for export kWh/a 2643
Available for storage kWh/a 1985
Conversion Efficiency % 100 95 90 85
10 kWh storage kWh/a 1936 1890 1840 1786
10 kWh revenue $/a 355$        341$        327$        311$        
7 kWh storage kWh/a 1706 1675 1641 1605
7 kWh revenue $/a 312$        302$        291$        280$        
4kWh storage kWh/a 1158 1150 1140 1129
4 kWh revenue $/a 212$        208$        199$        197$        
10kWh storage kWh
Cost/kWh $750 19 20 21 22
Cost/kWh $1500 38 40 41 43
7kWh storage kWh
Cost/kWh $750 15 16 16 17
Cost/kWh $1500 30 31 32 34
4kWh storage kWh
Cost/kWh $750 13 13 14 14
Cost/kWh $1500 25 26 27 27
House I - 3 kW
Simple Payback Time (Years)
Available for export kWh/a 2091
Available for storage kWh/a 1672
Conversion Efficiency % 100 95 90 85
10 kWh storage kWh/a 1669 1618 1563 1504
10 kWh revenue $/a 306$        292$        277$        262$        
7 kWh storage kWh/a 1558 1523 1485 1442
7 kWh revenue $/a 285$        275$        264$        251$        
4kWh storage kWh/a 1097 1085 1072 1057
4 kWh revenue $/a 201$        196$        190$        184$        
10kWh storage kWh
Cost/kWh $750 22 23 24 26
Cost/kWh $1500 44 46 49 52
7kWh storage kWh
Cost/kWh $750 17 17 18 19
Cost/kWh $1500 33 34 36 38
4kWh storage kWh
Cost/kWh $750 13 14 14 15
Cost/kWh $1500 27 28 28 29
Simple Payback Time (Years)
House B - 2.5 kW
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Appendix G Resident Installation Photos 
  
House A – 1.5 kW     House B – 2.5 kW 
  
House C - 1.5 kW     House D – 3.3 kW 
      
House E – 5.0 kW     House F – 4.5 kW 
  
House G – 4.0 kW    House H – 1.5 kW 
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House I – 3.0 kW      House J – 5.0 kW 
  
House K – 1.1 kW      House L – 2.0 kW 
 
House – Solar not in service – worked for a few months after installation and then stopped 
working – has not bothered to repair due to low FIT 
 
House – Vacant – Solar inverter continually tries to connect to grid (but there is no grid 
connection) 
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